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(54) Semiconductor laser and method of manufacturing the semiconductor laser 

(57) A semiconductor laser according to the inven- 
tion includes a compound semiconductor substrate hav- 
ing a surface with a first crystalline orientation; 
crystalline semiconductor layers including a first clad- 
ding layer, an active layer, and a second cladding layer 
successively disposed on the surface of the semicon- 
ductor substrate and including first and second window 
surfaces transverse to the surface of the semiconductor 
substrate and having a second crystalline orientation; a 
doped crystalline semiconductor window layer disposed 
on the window surfaces; and electrodes respectively 
disposed on the crystalline layers and the semiconduc- 
tor substrate. 

A method of making a semiconductor laser accord- 
ing to the invention includes successively growing on a 
surface of a compound semiconductor substrate having 
a first crystalline orientation a first cladding layer, an 
active layer, and a second cladding layer; etching the 
grown crystalline layers in the grooves in a first protec- 
tive layer using a first etchant that very slowly etches the 
grown layers on a surface perpendicular to the first crys- 
talline orientation; isotropically etching the grown layers 
not covered by a second protective layer and, subse- 
quently, with the first etchant to produce a second sur- 
face perpendicular to the first crystalline orientation; 
and, after removing the first and second protective lay- 
ers, growing a doped crystalline window layer covering 
at least one of the surfaces perpendicular to the first 
crystalline orientation. 



FIG. i(a) 
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Description 

Field Qf The Invention 

This invention relates to a semiconductor laser that s 
produces high power light output and a method of man- 
ufacturing the semiconductor laser. 

Description Of Related Art 

10 

ft has become possible to prepare a variety of 
mixed compound crystalline materials with good con- 
trollability thanks to crystal growing methods developed 
in recent years, especially the metal organic chemical 
vapor deposition (MOCVD) method. This development is 
has led to rapid progress in the field of semiconductor 
lasers. A semiconductor laser producing visible light 
and that employs crystalline AIGalnP, in particular, has 
already been put into practical use in generating light at 
wavelengths of 680 nanometers (nm) and 670 nm. The 
most significant challenges are to achieve still shorter 
wavelength light generation and higher power light out- 
put. 

An obstacle to higher power output is catastrophic 
optical damage (COD) at the window of the laser 
through which the laser light is emitted. The threshold 
power density for COD is low, namely, under two 
MW/cm 2 . There have been reports of various measures 
for solving this problem. For example, in GC-3 of the 
Spring 1991 National Convention, Electronic Communi- 
cation Society, and in the Japanese Journal of Applied 
Physics . Volume 29. Number 9, September 1990, 
pages L-1666 to L-1668, there are reports of creating a 
window structure in which zinc (Zn) is diffused into the 
vicinity of a window at the end surface of a laser and 
through which laser light is emitted. According to these 
publications and as well known in the art, when the 
undoped GalnP active layer of the semiconductor laser 
is grown under appropriate conditions, it includes a nat- 
ural superlattice structure. Although this active layer is 
essentially compositionally homogeneous, it actually 
includes a periodically ordered structure that exhibits a 
band gap energy lower than the band gap energy of the 
same material in the absence of the natural superlattice. 
According to these publications, a dopant, specifically 
Zn, is diffused into the active layer and adjacent regions 
of the semiconductor laser at each facet. The introduc- 
tion of the dopant impurity causes disordering of the 
natural superlattice, just as similar doping is known to 
disorder superlattice structures including alternating 
layers of different materials arranged periodically. An 
increase of 70 meV in the band gap energy of the natu- 
ral superlattice layer disordered by the introduction of 
Zn was reported. As well known, the increased band 
gap energy reduces the quantity of light absorbed at the 
facet, enabling an increase in power output without 
increasing the temperature at the facets. 

Figs. 6(a) and 7(a) are perspective views, partially 
cut away, and Figs. 6(b) and 7(b) are respective cross- 



sectional views of semiconductor lasers including Zn- 
diffused window regions. Figs. 8(a)-8(d) are perspective 
views illustrating a method for manufacturing the semi- 
conductor lasers of Figs. 6(a) and 7(a). 

The AIGaAs semiconductor laser of Figs. 6(a) and 
6(b) includes an n-type GaAs substrate 1. an n-type 
GaAs buffer layer 2, an n-type AIGaAs lower cladding 
layer 3. a GaAs active layer 4, a p-type AIGaAs upper 
cladding layer 5, an n-type GaAs current blocking layer 
6, a p-type GaAs contact layer 7, a p electrode 8. an n 
electrode 9, a front surface 13 including a window 
through which laser light is emitted, a rear surface 14. 
and Zn-diffused regions 15. 

Figs. 7(a) and 7(b) show an AIGalnP semiconduc- 
tor laser device in which the same reference numbers 
as in Figs. 6(a) and 6(b) denote the same or equivalent 
elements. Those elements previously described are not 
described again. In Figs. 7(a) and 7(b), the AIGalnP 
semiconductor laser includes an n-type AIGalnP lower 
cladding layer 10, a GalnP active layer 1 1 , and a p-type 
AIGalnP upper cladding layer 12. 

To manufacture the semiconductor lasers shown in 
Figs. 6(a) and 7(a), an n-type GaAs wafer 1 that has a 
surface with a (100) crystalline orientation, as shown in 
Fig. 8(a), is used. First, as shown in Fig. 8(b), the buffer 
layer 2, the lower cladding layer 3, the active layer 4, 
and the upper cladding layer 5 are successively grown 
on the substrate 1 by MOCVD. Then, the upper cladding 
layer 5 is partially etched and removed to form a mesa 
between two grooves. The grooves are filled by growing 
the current blocking layer 6 by MOCVD. Further, the 
contact layer 7 is also grown by MOCVD to produce a 
plurality of laser devices 16. 

As shown in Fig. 8(c), Zn is diffused into the window 
region to produce Zn-diffused regions 17 and then the 
substrate 1, including a plurality of lasers 16, is cleaved 
along cleavage lines 18 to produce a plurality of individ- 
ual lasers 16. Each laser 16 is then provided with the n 
electrode 8 and the p electrode 9 to complete the semi- 
conductor laser illustrated in Fig. 6(a). 

The semiconductor laser shown in Fig. 7(a) is man- 
ufactured by growing the buffer layer 2 by MOCVD as in 
Figs. 8(a) and 8(b). The lower cladding layer, the active 
layer, and the upper cladding layer are successively 
grown by MOCVD. These grown layers are then sub- 
jected to the manufacturing steps illustrated and 
described above with respect to Figs. 8(c) and 8(d). 

In the conventional semiconductor laser, since the 
window region 15 is formed by diffusing Zn, the control- 
lability of the size and location of the window region 15 
is poor due to variations in the Zn concentration gradi- 
ent and in the thickness of the layers. In addition, since 
the substrate 1 including a plurality of laser devices 16 
is cleaved along the Zn-diffused region 17 to form laser 
facets, the controllability of the configuration of the 
cleaved surfaces is poor, so that a good window struc- 
ture cannot be obtained. 

In one alternative, the Zn-diffused window region 
may be formed after the plurality of lasers shown in Fig. 
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8(b) are divided into individual lasers 16. This method, 
however, has a drawback in that the diffusion of Zn is 
extremely difficult and the controllability of location and 
size of the window region 15 is still poor due to varia- 
tions in the Zn concentration gradient and in layer thick- 
ness, thus preventing the production of a good window 
structure. 

Summary Of The Invention 

It is an object of the invention to provide a semicon- 
ductor laser and a method of manufacturing the semi- 
conductor laser including a window structure that is 
easily controlled and that can be produced while the 
laser is still in a wafer state. 

Other objects and advantages of this invention will 
become apparent from the detailed description that fol- 
lows. It should be understood, however, that the detailed 
description and specific embodiments are provided for 
illustration only since various additions and modifica- 
tions within the spirit of the invention will become appar- 
ent to those skilled in the art from this disclosure. 

According to a first aspect of the invention, a semi- 
conductor laser includes a compound semiconductor 
substrate having a surface with a first crystalline orien- 
tation; crystalline semiconductor layers including a first 
cladding layer, an active layer, and a second cladding 
layer successively disposed on the surface of the semi- 
conductor substrate and including first and second win- 
dow surfaces transverse to the surface of the 
semiconductor substrate and having a second crystal- 
line orientation; a doped crystalline semiconductor win- 
dow layer disposed on the window surfaces; and 
electrodes respectively disposed on the crystalline lay- 
ers and the semiconductor substrate. 

According to a second aspect of the invention, a 
multiple beam semiconductor laser device includes a 
compound semiconductor substrate having a surface 
with a first crystalline orientation; crystalline semicon- 
ductor layers including a first cladding layer, an active 
layer, and a second cladding layer successively dis- 
posed on the surface of the semiconductor substrate, 
including first and second window surfaces transverse 
to the surface of the semiconductor substrate and hav- 
ing a second crystalline orientation, and a plurality of 
grooves transverse to the semiconductor substrate sur- 
face and to the window surfaces whereby multiple sem- 
iconductor lasers are formed; a doped crystalline 
semiconductor window layer disposed on the window 
surfaces; and electrodes disposed on the respective 
semiconductor lasers and on the semiconductor sub- 
strate. 

According to a third aspect of the invention, a 
method of manufacturing a semiconductor laser 
includes successively growing on a surface of a com- 
pound semiconductor wafer having a first crystalline ori- 
entation a first cladding layer, an active layer, and a 
second cladding layer; forming a first protective layer on 
the grown layers, the first protective layer including a 



plurality of grooves extending along a first crystalline 
direction and exposing the grown layers; etching the 
grown crystalline layers in the grooves using a first etch- 
ant that etches the grown layers on a surface having a 

5 second crystalline orientation substantially perpendicu- 
lar to the first crystalline orientation much slower than 
on surfaces having a different crystalline orientation; 
forming a second protective layer on the surface having 
the second crystalline orientation and on part of another 

io surface exposed by the first etchant; isotropically etch- 
ing the part of the grown layers not covered by the sec- 
ond protective layer with a second etchant and, 
subsequently, with the f irst etchant to produce a second 
surface having the second crystalline orientation; and 

75 removing the first and second protective layers and 
growing a doped crystalline window layer covering at 
least one of the surfaces having the second crystalline 
orientation. 

According to a fourth aspect of the invention, a 

20 method of manufacturing a multiple beam semiconduc- 
tor laser device includes successively growing on a sur- 
face of a compound semiconductor wafer having a first 
crystalline orientation a first cladding layer, an active 
layer, and a second cladding layer; forming a first pro- 

25 tective layer on the grown layers, the first protective 
layer including a plurality of grooves extending along 
first and second orthogonal crystalline directions and 
exposing the grown layers; etching the grown crystalline 
layers in the grooves using a first etchant that etches the 

30 grown layers on a surface having a second crystalline 
orientation substantially perpendicular to the first crys- 
talline orientation much slower than on surfaces having 
a different crystalline orientation; forming a second pro- 
tective layer on the surface having the second crystal- 

35 line orientation and on part of another surface exposed 
by the first etchant; isotropically etching the part of the 
grown layers not covered by the second protective layer 
with a second etchant and, subsequently, with the first 
etchant to produce a second surface having the second 

40 crystalline orientation; and removing the first and sec- 
ond protective layers and growing a doped crystalline 
window layer covering at least one of the surfaces hav- 
ing the second crystalline orientation. 

45 Brief Description Of The Drawings 

Figs. 1(a) and 1(b) are, respectively, a perspective 
view, partially broken away, and a cross-sectional view, 
taken along line 1b-1b of Fig. 1(a), of a semiconductor 
so laser according to an embodiment of the invention. 

Figs. 2(a)-2(c) are perspective views and Figs. 2(d)- 
2(k) are cross-sectional views taken along line 2-2 of 
Fig. 2(c) and illustrating a method of manufacturing a 
semiconductor laser according to an embodiment of the 
55 invention. 

Figs. 3(a) and 3(b) are, respectively, a perspective 
view, partially broken away, and a cross-sectional view, 
taken along line 3b-3b of Fig. 3(a), of a semiconductor 
laser according to an embodiment of the invention. 
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Fig. 4 is a perspective view of a multiple beam sem- 
iconductor laser device according to an embodiment of 
the invention. 

Fig. 5 is a plan view illustrating a method of manu- 
facturing the semiconductor laser device embodiment of 5 
Fig. 4. 

Figs. 6(a) and 6(b) are, respectively, a perspective 
view, partially cut away, and a cross-sectional view, 
taken along line 6b-6b of Fig. 6(a), of a conventional 
semiconductor laser. 10 

Figs. 7(a) and 7(b) are, respectively, a perspective 
view, partially cut away, and a cross-sectional view, 
taken along line 7b-7b of Fig. 7(a), of a conventional 
semiconductor laser. 

Figs. 8(a)-8(d) are perspective views illustrating a 15 
method of manufacturing a conventional semiconductor 
laser. 

In all figures, the same elements are given the 
same reference numbers. 

20 

Description Of The Preferred Embodiments 

Embodiment 1 

Figs. 1 (a) and 1 (b) are, respectively, a perspective 25 
view, partially broken away, and a cross -sectional view 
taken along line 1b-1b of Fig. 1(a). Figs. 1(a) and 1(b) 
depict an AJGalnP semiconductor laser emitting red 
light according to an embodiment of the invention. That 
semiconductor laser includes an n-type GaAs substrate 30 
26 having a surface lying in a {211} plane, such as a 
(211) surface, and a surface 21 opposite the (21 1) sur- 
face. The semiconductor laser includes, successively 
disposed on the {21 1} plane of the substrate 26, an n- 
type GaAs buffer layer 2, an n-type AIGalnP lower clad- 35 
ding layer 10, a GalnP or AIGalnP active layer 1 1 , and a 
p-type AIGalnP upper cladding layer 12. The semicon- 
ductor laser also includes an n-type GaAs current block- 
ing layer 6, a p-type GaAs contact layer 7, and 
respective p and n electrodes 8 and 9. The laser light is 40 
emitted through a front surface 13 that is opposite a rear 
surface 14 of the semiconductor laser. The GalnP or 
AIGalnP active layer 11 is grown under conditions that 
produce a natural superlattice within the active layer. 
The existence of a natural superlattice within these 45 
materials, depending upon growth conditions, is a well 
known phenomenon. 

A Zn-doped p + -type AIGalnP or pMype AIGaAs 
window layer 19 covers the grown layers at the front and 
rear surfaces 13 and 14 of the semiconductor laser, so 
Those surfaces lie in {1 11} planes. The window layer 19 
also covers parts of the contact layer 7 on an upper sur- 
face 20 opposite the substrate 26. As described in 
greater detail below, during the growth of the heavily Zn- 
doped window layer 1 9, some of the Zn diffuses into the 55 
active layer 1 1 at the front and rear surfaces 13 and 14, 
thereby disordering regions of the natural superlattice of 
the active layer 1 1 , increasing its band gap energy. In 
addition, preferably, the composition of the window layer 



19 is controlled so that layer 19 has a larger band gap 
energy than at least the active layer 1 1 to reduce the 
absorption of light at the front and rear surfaces 13 and 
1 4 of the semiconductor laser. These features permit an 
increase in the output power without risk of COD since 
the amount of absorbed light, which raises the tempera- 
ture of the facets, is reduced. 

The specified crystalline surface orientations mean 
that the front and rear surfaces 13 and 14 are each in 
one of the {111} planes, for example, (in) and (111). 
The surface of the substrate 26 on which the semicon- 
ductor layers are sequentially disposed may be the 
(211) surface in which case the orientation of the sur- 
face 21 is (211). These crystalline orientations require 
the front and rear surfaces to be perpendicular to the 
surfaces of the substrate. 

A method of manufacturing the semiconductor 
laser of Fig. 1(a) is illustrated in Figs. 2(a)-2(k) in which 
Figs. 2(d)-2(k) are cross-sectional views taken along the 
line 2-2 in Fig. 2(c). Initially, as shown in Fig. 2(a), a 
GaAs wafer 26 having opposed surfaces in {21 1} planes 
is prepared. On one of the surfaces, which may be a 
(211) surface, there are sequentially grown by MOCVD 
the n-type GaAs buffer layer 2, the n-type AIGalnP lower 
cladding layer 10, the active layer 11, and the p-type 
AIGalnP upper cladding layer 12, as shown in Fig. 2(b). 
Part of the upper cladding layer 12 is removed by etch- 
ing, leaving a mesa extending in a (111 ) direction. In a 
second growth step, the grooves on each side of each 
mesa are filled by growing the n-type GaAs current 
blocking layer 6, following which the p-type GaAs con- 
tact layer 7 is grown, completing the growth steps in pro- 
ducing a plurality of semiconductor laser structures or 
the substrate 26, as in Fig. 2(b). 

In the next step, as illustrated in Fig. 2(c), an etch- 
ing protective layer 22. for example. Si 3 N 4 , including a 
plurality of strips separated by grooves extending in a 
01 1 > direction is formed on the contact layer 7. The 
grooves in the etching protective layer 22 expose parts 
of the crystalline semiconductor layers grown in the pre- 
vious steps. Those layers are etched through the 
grooves using an etchant, for example, a mixture of sul- 
furic acid, hydrogen peroxide, and water, that has an 
extremely slow etching speed on {1 1 1} planes, particu- 
larly the A faces of {111} planes, such as (1 1 T)A and 
(1 1 1)A surfaces. Because of that etching characteristic, 
the etching process is self-limiting and essentially stops 
when a {111}A plane is exposed. The angle between 
(21 1) and (111) surfaces is 90° because the inner prod- 
uct of their Miller indices is zero. This result means that 
a (1 11) surface that can be used as a window is formed 
in the first etching process as an extremely smooth sur- 
face that is perpendicular to the surface of the substrate 
26. This result is shown in Fig. 2(d) where the etching 
has proceeded to a self-limiting condition, penetrating 
into part of the substrate 26. 

Next, an etching protective layer 22A is formed on 
the entire (111) surface extending from that surface to 
nearly the middle of the oblique etched surface, as 
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shown in Fig. 2(e). Then, the portion of the grown layers 
not covered by either of the protective layers 22 and 22 A 
is subjected to a second wet etching process. The sec- 
ond wet etching process includes two steps. In the first 
step, the exposed surfaces are etched using a mixture 
of bromine and methanol, which etches the crystalline 
semiconductor layers isotropically. In the second of the 
two steps, the same etchant as previously used, for 
example, a mixture of sulfuric acid, hydrogen peroxide, 
and water, is used to expose a {1 1 1}B plane, for exam- 
ple, a (Tl1) surface. Again, this anisotropic etching is 
serf-limiting, resulting in the production of a (Tl1) sur- 
face that is extremely smooth and perpendicular to the 
(211) surface of the substrate 26 and directly opposite 
and parallel to the (111) surface exposed in the first 
etching process illustrated in Fig. 2(d). The resulting 
structure appears in Fig. 2(f). 

After these etching processes, the protective layers 
22 and 22A are removed and the p + -type window layer 
19 of AIGalnP or AlGaAs is grown by MOCVD, as illus- 
trated in Fig. 2(g). An electrode formation protective 
layer 23, for example, of Si 3 N 4 , is formed, as shown in 
Fig. 2(h), and the window layer 19 is selectively 
removed to expose parts of the contact layer 7 for for- 
mation of electrodes, as shown in Fig. 2(i). Although in 
the structure shown in these figures the window layer 19 
is disposed on both the front and rear surfaces, a semi- 
conductor laser according to the invention may include 
the window layer 19 on only one of these surfaces. The 
growth of the window layer 19 by MOCVD permits easy 
control of the thickness and composition of that window 
layer 19, providing a semiconductor laser of improved 
structure and performance. 

During the growth of the window layer 19 by 
MOCVD at an elevated temperature, some of the 
dopant impurity contained within that p*-type layer, for 
example, Zn, diffuses into the adjacent portions of the 
laser structure including the active layer 11. Since the 
location and extent of the window layer 19 are controlled 
by a growth mask, the location and extent of the regions 
into which the dopant impurity diffuses during the 
growth process is predictable and easily controlled, 
leading to improved uniformity and production yield. 
The active layer 1 1 includes a natural superlattice and 
the entry of the Zn disorders the natural superlattice, 
increasing the band gap energy of the region containing 
the Zn, reducing light absorption and increasing the 
power of the light that the semiconductor laser can pro- 
duce without risk of COD. 

A semiconductor laser structure according to the 
invention is completed, as shown in Fig. 2(j), by forming 
the p electrode 8 on the grown layers and the n elec- 
trode 9 on the rear surface 21 of the substrate 26. Using 
the lift-off technique, by removing the protective layer 
23, unneeded portions of the layers from which the p 
electrodes 8 are formed are removed, producing the 
structure of Fig. 2(k). That structure is cleaved, essen- 
tially only in the substrate 26, in the <l 1 1 direction along 
a cleavage line 24 in a 011 direction, as shown in Fig. 



2(k), to produce individual semiconductor lasers. The 
front and rear surfaces of those lasers are not produced 
in the cleaving process but were earlier produced by 
etching and are substantially covered by the window 

5 layer 19. 

The risk of COD is substantially reduced in the 
semiconductor laser according to the first embodiment. 
Light absorption is decreased by disordering of the 
active layer 11 adjacent the front and rear surfaces 

io because of the diffusion of a dopant impurity from the 
heavily doped window layer 19 into the active layer 11. 
In addition, preferably, the window layer 19 has a higher 
band gap energy than the active layer 1 1 so that there is 
less light absorption in the semiconductor laser than 

75 when the window layer 19 is absent. Because of these 
effects, a higher light density can be output from a sem- 
iconductor laser according to the invention than from a 
semiconductor laser according to the prior art at the 
same temperature of the laser facets. 

20 Although the specific semiconductor laser embodi- 
ment described includes an essentially homogeneous 
active layer including a natural superlattice, the inven- 
tion_caaalso be applied to a semiconductor laser includ- 
ing an active layer having a multiple quantum well 

25 structure produced by alternatingly laminating thin lay- 
ers of different semiconductor materials having different 
band gap energies. Therefore, the term superlattice as 
used in this application refers both to a natural superlat- 
tice as well as a superlattice produced by alternatingly 

30 laminating layers of semiconductor materials having dif- 
ferent band gap energies. 

Embodiment 2 

35 The semiconductor laser described with respect to 
Fig. 1(a) includes an AIGalnP active layer and produces 
red light. However, other materials may be used in sem- 
iconductor lasers according to the invention. Figs. 3(a) 
and 3(b) are. respectively, a perspective view, partially 

40 cut away, and a cross-sectional view taken along line 
3b-3b of Fig. 3(a) of a semiconductor laser according to 
another embodiment of the invention. In this embodi- 
ment, the active layer 4 is AlGaAs and the laser emits 
infrared light. In Figs. 3(a) and 3(b). the same reference 

45 numbers are used as used in Figs. 1(a) and 1(b) to 
denote the same elements and repeated description of 
those common elements is omitted. In the semiconduc- 
tor laser of Figs. 3(a) and 3(b), the lower cladding layer 
3 is n-type AlGaAs, the active layer 4 is GaAs or 

so AlGaAs, and the upper cladding layer 5 is p-type 
AlGaAs. 

The semiconductor laser shown in Figs. 3(a) and 
3(b) is manufactured using the same steps and the gen- 
eral method described with respect to Figs. 2(a)-2(k). 
55 The process is different only in the materials that are 
grown by MOCVD for the cladding layer and the active 
layer. 

The same advantages are achieved in this embodi- 
ment of the invention as in the first embodiment. The Zn 
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diffusion into the active layer and adjacent regions is 
easily controlled in location and extent because the win- 
dow layer 19 functions as a source of a dopant for the 
diffusion. In addition, the window layer 19, having a 
larger band gap energy than the active layer 1 1 , func- 
tions as a laser facet, absorbing less light than is 
absorbed by the active layer and the upper and lower 
cladding layers in the absence of the window layer. 

Embodiment 3 

Fig. 4 is a perspective view of another embodiment 
of the invention, namely, a multiple beam semiconduc- 
tor laser device. As illustrated in Fig. 4, a plurality of 
semiconductor lasers are disposed on the common n- 
type GaAs substrate 26 having a (211) surface. The 
front surface 13 of each laser of the device is either an 
A or B face of a {1 1 1} plane perpendicular to the {21 1} 
plane of the semiconductor laser on which the elec- 
trodes 8 are disposed. 

In order to manufacture the multiple beam semicon- 
ductor laser device shown in Fig. 4, in the step of Fig. 
2(c), the etching protective layer 22 is formed to include 
two sets of orthogonal grooves exposing the grown lay- 
ers. Thus, the etching protective layer comprises rec- 
tangular etching protective regions 25, as illustrated in 
Fig. 5. One set of grooves is oriented along a 011) 
direction as are the grooves in Fig. 2(c). After the forma- 
tion of the etching protective layer regions 25, the same 
processing as illustrated in Figs. 2(d)-2(j) is carried out. 
Contrary to Fig. 2(k), the final cleaving step is performed 
along cleavage lines 24, shown in Fig. 5, to complete 
the multiple beam semiconductor laser device. 

The same advantages are achieved in the multiple 
beam semiconductor laser device as are achieved in 
the invention as described with respect to the first and 
second embodiments. When the active layers are 
superlattice layers, a dopant is diffused into the active 
layers of the respective semiconductor lasers over a 
controlled area to a controlled extent to disorder a part 
of each of the active layers adjacent the respective front 
and rear surfaces to reduce light absorption. The pres- 
ence of the window layers 19 with increased band gap 
energies also reduces light absorption, permitting the 
multiple beam semiconductor laser device to operate at 
a higher output power than conventional semiconductor 
lasers. 

In the foregoing description, the exemplary etchant 
employed for the serf-limiting etching step forming laser 
facet surfaces is a mixture of sulfuric acid, hydrogen 
peroxide, and water. As one alternative etchant, a solu- 
tion of tartaric acid and hydrogen peroxide may be used 
and still other etchants may be employed so long as 
they produce a relatively slow etching speed on the A 
and/or B faces of {111} planes of the semiconductor 
materials employed in the laser. 

Although the embodiments described employ n- 
type GaAs as a substrate, semiconductor lasers within 
the scope of the invention may employ p-type GaAs 



substrates, provided the conductivity types of the other 
layers are inverted. Other materials in addition to 
AIGaAs and AIGalnP may be employed in semiconduc- 
tor lasers according to the invention. 
5 The surface of the semiconductor laser through 

which light is emitted in embodiments of the invention 
may be in any {111} plane including either of the A or B 
faces. 

The invention has been described with certain pre- 
10 ferred embodiments. Various modifications and addi- 
tions within the spirit of the invention will occur to those 
of skill in the art. Accordingly, the invention is limited 
solely by the following claims. 



1. A semiconductor laser device (figures la, lb) com- 
prising: 

20 a compound semiconductor substrate (26) 

having a surface with a first crystalline orienta- 
tion; 

crystalline semiconductor layers including a 
first cladding layer (10), an active layer (11), 
25 and a second cladding layer (12) successively 

disposed on the surface of the semiconductor 
substrate and including first and second win- 
dow surfaces transverse to the surface of the 
semiconductor substrate and having a second 
30 crystalline orientation; 

a doped crystalline semiconductor window 
layer (19) disposed on the window surfaces; 
and 

electrodes (8, 9) respectively disposed on the 
35 crystalline layers and the semiconductor sub- 

strate. 

2. The semiconductor laser device of claim 1 wherein 
the active layer has a superlattice structure that is 

40 disordered adjacent the window layer. 

3. The semiconductor laser device of claim 1 wherein 
the active layer has a first band gap energy and the 
window layer has a second band gap energy larger 

45 than the first band gap energy. 



4. The semiconductor laser device of claim 1 wherein 
the first crystalline orientation is a {211} plane and 
the window surfaces lie in {1 1 1} planes. 

50 

5. The semiconductor laser device of claim 1 wherein 
the active layer is selected from the group consist- 
ing of GalnP and AIGalnP and the first and second 
cladding layers are AIGalnP 

55 

6. The semiconductor laser device of claim 1 wherein 
the active layer is selected from the group consist- 
ing of GaAs and AIGaAs and the first and second 
cladding layers are AIGaAs. 
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7. The semiconductor laser of claim 1 wherein the 
window layer is selected from the group consisting 
of AIGalnP and AIGaAs. 

8. The semiconductor laser device of any of the pre- s 
ceding claims wherein a plurality of grooves trans- 
verse to the semiconductor substrate surface and 

to the window surfaces are formed to provide a mul- 
tiple beam semiconductor laser device (figures 4 
and 5). »0 

9. A method of manufacturing a semiconductor laser 
device (figures 2a-2k) comprising: 

successively growing on a surface of a com- is 
pound semiconductor wafer (26) having a first 
crystalline orientation, a first cladding layer 
(10). an active layer (11), and a second clad- 
ding layer (12); 

forming a first protective layer (22) on the 20 
grown layers, the first protective layer including 
a plurality of grooves extending along a first 
crystalline direction and exposing the grown 
layers; 

etching the grown crystalline layers in the 25 
grooves using a first etchant that etches the 
grown layers on a surface having a second 
crystalline orientation substantially perpendic- 
ular to the first crystalline orientation much 
slower than on surfaces having a different crys- so 
talline orientation; 

forming a second protective layer (22A) on the 
surface having the second crystalline orienta- 
tion and on part of another surface exposed by 
the first etchant; 35 
isotropically etching the part of the grown lay- 
ers not covered by the second protective layer 
with a second etchant and. subsequently, with 
the first etchant to produce a second surface 
having the second crystalline orientation; and 40 
removing the first and second protective layers 
and growing a doped crystalline window layer 
covering at least one of the surfaces having the 
second crystalline orientation. 

45 

10. The method of claim 9 wherein the active layer is 
selected from the group consisting of GalnP and 
AIGalnP and including growing the active layer to 
include a superlattice, the superlattice being par- 
tially disordered by a dopant impurity diffusing from so 
the window layer during growth of the window layer. 

11. The method of claim 9 wherein the first crystalline 
orientation is a {21 1} plane, the window surfaces lie 

in {111} planes, and the grooves extend in a 01 1 > s$ 
direction. 

12. The method of claim 9 including cleaving the wafer 
along 011 ) directions to produce individual semi- 



conductor lasers from the wafer and forming first 
and second electrodes (8, 9) on the grown layers 
and on wafer portions of the semiconductor lasers. 

13. The method of claim 9 including growing one of 
AIGalnP and AIGaAs as the window layer. 

14. The method of claim 9 including cleaving the wafer 
along the first direction to produce individual semi- 
conductor lasers and forming f irst and second elec- 
trodes (8, 9) on the grown layers and on wafer 
portions of the semiconductor lasers. 

15. The method of claim 9 including growing as the 
active layer a semiconductor material selected from 
the group consisting of GalnP and AIGalnP and 
growing AIGalnP as the first and second cladding 
layers. 

16. The method of claim 9 including growing as the 
active layer a semiconductor material selected from 
the group consisting of GaAs and AIGaAs and 
growing AIGaAs as the first and second cladding 
layers. 

17. The method of claim 9 including etching with a mix- 
ture selected from the group consisting of a mixture 
of sulfuric acid, hydrogen peroxide, and water and a 
mixture of tartaric acid and hydrogen peroxide as 
the first etchant and etching with a mixture of bro- 
mine and methanol as the second etchant. 

18. The method of any of the preceding claims 9 to 17 
wherein said step of forming a first protective layer 
on the grown layer provides said first protective 
layer including a plurality of grooves extending 
along first and second orthogonal crystalline direc- 
tions and exposing the grown layers whereby a mul- 
tiple beam semiconductor laser device (figures 4 
and 5) is formed. 

19. The method of claim 18 wherein the first crystalline 
orientation is a {21 1} plane, the window surfaces lie 
in {1 1 1) planes, and one set of the grooves extend 
in a 011 ) direction. 

20. The method of claim 18 including cleaving the wafer 
along 01 1 ) directions to produce semiconductor 
laser devices including a plurality of individual 
lasers from the wafer and forming first and second 
electrodes on the individual grown layers and on 
wafer portions of the individual semiconductor laser 
devices. 
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